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Objectives. — To evaluate the feasibility of an early exercise training programme after aortic
valve repair.

Methods. — Consecutive patients were prospectively included in 13 postoperative centres.
Patients underwent an exercise training programme for approximately 3—5 weeks. Transtho-
racic echocardiography and a cardiopulmonary exercise test were performed before and after
the exercise training programme.

Results. — Fifty patients (mean + standard deviation [SD] age: 50 & 13 years) were included a
mean of 13.6 +£12.0 days after aortic valve repair. The preoperative degree of aortic insuffi-
ciency was moderate to severe in 35 patients (70%) and the aortic valve was bicuspid in 24
patients (48%). Valve-sparing root replacement and isolated aortic valve repair (including 10%
supracoronary aorta replacement) were performed in 64% and 36% of patients, respectively.
We found no aortic insufficiency occurrence or worsening and no adverse clinical events after
the exercise training programme. Mean left ventricular ejection fraction increased significantly
(from 54% + 8% to 57% +9%; P=0.0007). Mean peak oxygen consumption and first ventilatory
threshold increased from 17.0 + 5.3 to 22.5+ 7.8 mL/kg/min (32% increase) and from 12.0 + 3.9
to 14.3+£5.2mL/kg/min (19% increase), respectively (both P<0.05).

Conclusion. — Exercise training early after aortic valve repair is safe and seems to significantly
improve exercise capacity.

© 2020 Elsevier Masson SAS. All rights reserved.

Résumé

Contexte. — La réparation standardisée de la valve aortique associée a une annuloplastie est
une alternative au remplacement valvulaire aortique qui permet d’éviter les complications
liées aux prothéses. Le bénéfice du réentrainement physique, démontré dans de nombreuses
affections au décours d’une chirurgie cardiaque n’a jamais été évaluée apres une chirurgie de
plastie aortique.

Objectif. — Evaluer la faisabilité d’un programme de réentrainement physique précoce aprés
plastie aortique.

Méthodes. — Les patients ont été prospectivement et consécutivement inclus dans 13 centres
de réadaptation cardiaque au décours de la chirurgie. Ils ont bénéficié d’un programme de
réentrainement physique sur 3 a 5 semaines. Une échographie transthoracique et une épreuve
d’effort avec mesure des échanges respiratoires ont été réalisées avant et apres la réalisation
du programme.

Résultats. — Cinquante patients (moyenne age 50413 ans) ont été prospectivement inclus
13,6 = 12,0 jours apres une chirurgie de plastie aortique. L’insuffisance aortique était évaluée
— en préopératoire — modérée a sévere chez 35 patients (70 %) et la valve était bicuspide chez
24 patients (48 %). Un geste sur 'aorte ascendante a été effectué chez 64 % des patients et
une réparation isolée de la valve aortique (incluant un remplacement de ’aorte sus coronaire
dans 10 % des cas) a été effectuée chez 36 % d’entre eux.

Résultats. — Au décours du programme de réentrainement physique, aucun évenement clin-
ique indésirable et aucune majoration de fuite aortique résiduelle éventuelle n’ont été
a déplorer. Par ailleurs, une amélioration significative de la tolérance a Ueffort et de la
fonction ventriculaire gauche ont été observées avec un recul du pic de VO, et du seuil
ventilatoire respectivement de 17,0£5,3 a 22,5+7,8 mL/kg/min (+32 %) et de 12,0£3,9 a
14,34+5,2mL/kg/min (+19 %) (p <0,05) et une augmentation de la fraction d’éjection ventric-
ulaire gauche de 54+8 % a 57+ 9 % (p=0,0007).

Conclusions. — Le réentrainement physique précoce aprés une réparation de la valve aortique
est faisable et semble associé a une amélioration de la tolérance a U'effort des patients.

© 2020 Elsevier Masson SAS. Tous droits réservés.
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Introduction

Aortic valve preservation and repair is emerging as a feasible
alternative to aortic valve replacement for the treatment of
aortic root pathologies with or without aortic insufficiency.
(Al) Aortic valve preservation and repair, compared with
aortic valve replacement, is useful in younger patients [1]
with few or even no symptoms [2]. Modern management of
these cases aims to achieve rapid recovery of near-normal
functional capacity.

As demonstrated by Le Tourneau et al. [3], in the
absence of exercise reconditioning, exercise tolerance mea-
sured 6 months after valve surgery does not improve
significantly, despite valvulopathy correction, although the
neurohormonal profile is significantly improved. As exercise
capacities were assessed 6 months after surgery, these dis-
appointing functional results seem to be unrelated to the
postoperative course (anaemia, hypovolaemia, etc.). One
possible explanation could be that, after cardiac surgery,
patients remain reticent to resume activities without a
supervised exercise-training programme. The absence of
physical exercise is deleterious, leading to muscle wasting,
joint stiffness, loss of adaptation to exercise, problems with
social and professional reintegration, and depressive syn-
dromes. However, the fear is that early prolonged exercise
could impair the outcome of recent surgery performed on
delicate valvular tissues, because of the valve texture itself
or because of the time required for valve healing. During
resistance exercise, blood pressure (systolic and diastolic)
increases considerably [4]. Hence, this type of exercise
would seem contraindicated for these patients, taking into
account the position of the aortic valve in relation to
increased after load Conversely, during dynamic exercise,
only small increases in systolic blood pressure are observed
(with no increase observed in some cases of low-intensity
exercise) and diastolic blood pressure remains stable [5].

To our knowledge, the safety of exercise reconditioning
after aortic valve repair has never been assessed. The aim of
this study was to evaluate the safety and feasibility of early
exercise training after aortic valve repair, assessed by eval-
uation of the occurrence of clinical deleterious effects and
the possible increase or appearance of Al after an exercise
training programme.

Methods
Patients

This multicentre prospective study (13 centres) was con-
ducted on behalf of the international Aortic Valve repair
International Registry (AVIATOR). All consecutive patients
who had recently undergone aortic valve repair within 60
days before study entry and who were hospitalized in car-
diac rehabilitation centres from April 2015 to April 2017
were included. The only exclusion criterion was an inabil-
ity to perform exercise testing. Drug treatment was left to
the discretion of the investigator.

This study was approved by the institutional review
board for AVIATOR (Comite Consultatif sur le Traitement de
’Information en matiere de Recherche dans le Domaine de

la Santé, no. 13,738 Bis). Individual patient consent was
obtained.

Assessment criteria

Clinical, echocardiographic, and ergometric assessments
were performed before and after completion of the car-
diac rehabilitation programme. Clinical parameters were
assessed at least twice each week to capture the presence of
arrhythmia, thromboembolic or haemorrhagic events, infec-
tion, signs of heart failure, and the emergence or worsening
of aortic murmur. Doppler echocardiography was performed
in all patients on at least two occasions: before and after the
exercise-training programme. Systolic and diastolic blood
pressure and heart rate were measured at the beginning of
each session. Each echocardiographic study was performed
jointly by two operators. Left ventricular end diastolic diam-
eter (LVEDD) was measured on the parasternal long axis
view. Left ventricular end diastolic volume (LVEDV) and left
ventricular ejection fraction (LVEF) were measured by the
Simpson method [6]. Mean aortic gradient was measured
by continuous Doppler echocardiography coupled with two-
dimensional imaging in the apical position. The degree of
residual Al was assessed according to the European Associa-
tion of Echocardiography recommendations [7].

All patients underwent cardiopulmonary exercise testing
(CPET) before and after the exercise-training programme.
CPETs were based on classical methods and were performed
with the patient in an upright position. All patients per-
formed an upright graded symptom-limited cycloergometer
exercise with a workload increment of 10W/min after an
initial workload of 30 W. Most patients were familiar with
the procedure and were regularly encouraged to exercise
until exhaustion. To stabilize resting gas measurements,
participants were asked to remain still on the bicycle for
3minutes before exercising. Standard 12-lead electrocar-
diography was continuously applied. Heart rate was followed
each minute, and blood pressure was measured by a mercury
sphygmomanometer every 2minutes during the exercise
test and at the peak of exercise. Oxygen consumption
(VO,), carbon dioxide production, and other common venti-
latory parameters (minute ventilation, breathing rate) were
measured on a breath-by-breath basis. The results were
averaged using a moving-average filter every seven breaths,
excluding the highest and lowest values at each breath
in order to reduce breath-by-breath noises. Results were
then averaged every 15 seconds and printed. The respiratory
exchange ratio was always>1 at peak exercise. Peak VO,
was defined as the highest VO, obtained at the end of the
test. The first ventilatory threshold (VT;) was determined
using classical methods [8]. At peak exercise, patients were
asked to stop pedalling, and measurements were continued
for 5 minutes.

Exercise training

The exercise-training programme included calisthenics
(starting the day after arrival in the cardiac rehabilitation
centre) and endurance bicycle training (starting after the
first CPET) for 5 days each week (for 3 weeks, on aver-
age) for inpatients and 3 days each week (for 5 weeks, on
average) for outpatients. Endurance training was performed
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on a bicycle, with intensity determined by heart rate mea-
sured at the VT, or, if not available, at 70% of the maximal
heart rate of the first CPET. Each session lasted 40 minutes,
beginning with a 5-minute warm-up, followed by 30 minutes
of cycling exercise, and then a 5-minute cool-down period.
For young patients (< 40 years old), treadmill sessions at the
same intensity could be used. The calisthenics consisted of
20 different dynamic and resistance arm and leg exercises
performed for 30—40 minutes each session. All sessions were
performed under the supervision of a cardiologist and blood
pressure was monitored during the sessions.

Statistical analysis

Continuous data are presented as means (standard devia-
tions [SDs]). Non-normally distributed continuous variables
are presented as medians and interquartile ranges (IQRs).
Data were compared by the Student’s t test or Mann-Whitney
U test for non-normally distributed variables. P<0.05 was
considered statistically significant. This strategy was used to
maintain the type | error rate at the 5% level. Factors asso-
ciated with peak VO, evolution observed after the training
period were determined by multivariable logistic regression
analysis. All statistical analyses involved the use of StatView
5.0 (SAS Inst., Cary, NC).

Results

We included 50 patients among 54 evaluated consecu-
tive ones. Four patients were excluded: two because of
orthopaedic limitations that resulted in them stopping the
exercise training programme, one who had abundant peri-
cardial effusion, and one who decided to stop the training
programme. The characteristics of the remaining 50 patients
are shown in Table 1. The patients were predominantly men
(46 [92%]) and had a mean + SD age of 50 + 13 years. Surgery
for aortic coarctation had been previously performed in one
patient (2%).

A standardized technique of aortic valve repair was used
according to the phenotype of the proximal aorta (Fig. 1).
For root aneurysms, valve-sparing root replacement using
the remodelling technique (with coronary reimplantation)
and an external annuloplasty was performed in 32 patients
(64%). For ascending aorta aneurysms, supracoronary tubu-
lar aorta replacement and annuloplasty was performed in
5 patients (10%). Isolated aortic insufficiency was seen in
13 patients (26%) and was treated using single or dou-
ble annuloplasty. Patients who underwent isolated aortic
valve repair all had a diameter of the aorta and sinus
of Valsalva<45mm, therefore none had to be replaced.
However, annulus and sinotubular junction were constantly
dilated > 25 mm and > 30 mm, respectively, requiring double
annuloplasty treatment at the annular and sinotubular junc-
tion level. A mitral valve repair was performed in four
patients (8%), and coronary artery bypass graft (CABG) in
5 (10%).

Patients were transferred to the cardiac rehabilitation
centre 13.6+12.0 days after surgery. Drug therapy com-
prised beta-blockers in 33 patients (66%), amiodarone in
14 (28%), a vitamin K antagonist in 12 (24%), and aspirin
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Table 1 Patient characteristics.
All patients
(n=50)

Age (years) 50+13
Men 46 (92)
Hypertension 18 (36)
Diabetes 2 (4)
NYHA functional class 1.4+0.7

| 35 (70)

Il 11 (22)

11 4 (8)
Aortic insufficiency grade 15/8/27

Oorl 15 (30)

Il 8 (16)

Il or IV 27 (54)
Aortic valve

Unicuspid 5 (10)

Bicuspid 24 (48)

Tricuspid 21 (42)
Isolated aortic insufficiency 13 (26)
Supra-coronary aneurysm 5 (10)
Vasalva sinus dilatation 32 (64)
Atrial fibrillation before or after surgery 14 (28)
Aortic annulus 48 (96)
Vasalva sinus remodelling 32 (64)
Tubular aortic replacement 5 (10)
CABG 5 (10)
Beta-blocker 33 (66)
Amiodarone 14 (28)
Aspirin 39 (78)
Vitamin K antagonist 12 (24)

Data are expressed as mean =+ standard deviation or number
(%). CABG: coronary artery bypass graft; NYHA: New York Heart
Association.

(75—160 mg/day) in 39 (78%). Two patients had a pacemaker,
one implanted before and one after the aortic valve surgery.

Exercise training modalities

Overall, patients underwent a median (IQR) of 12 [(10—15)
calisthenic sessions and 12 (10—16) ergometric bicycle train-
ing sessions or, for 11 (22%) young patients, 9 (6—13)
treadmill sessions. No adverse clinical events occurred (95%
confidence interval [CI], 0—7.1%) and there were no systolic
blood pressure increases to > 160 mmHg.

Echocardiographic study

The first transthoracic echocardiography (TTE) was per-
formed 14412 days after surgery and the second after
completion of the training programme, 39 4+ 11 days after
surgery. At the first TTE, 25 (50%) patients had no or triv-
ial residual Al, 24 (48%) had mild residual Al, and one
(2%) had moderate residual Al. We observed no worsen-
ing of aortic insufficiency and no emergence of new Al
cases after completion of the exercise-training programme
(95% Cl, 0—7.1%). There were no significant changes in
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Dilated root

Sinus of Valsalva > 45 mm

Remodeling + annuloplasty

Phenotypes of the aortic root and ascending aorta

Dilated ascending aorta

Ascending aorta > 45 mm with normal root

Aorta management in aortic valve repair

Ascending aorta replacement + annuloplasty

Normal root and ascending aorta

All @ < 40-45 mm

Double sub + supra STJ annuloplasty

Figure 1.

Aorta management during aortic valve repair according to each phenotype of the aortic root and ascending aorta. An external

annuloplasty was used if the annulus, measured peroperatively using a Hegar dilator, was > 25 mm.

LVEDD (53.44+9.0mm at the first TTE and 54.04+6.0mm
at the second TTE), mean transaortic gradient (7.1+3.0
and 6.5+2.8mmHg), or mean Al grade (no or trivial Al
50 and 56%, mild Al, 48 and 42% and moderate Al 2
and 2%) after the exercise-training programme (Table 2).
Mean LVEF increased (54% + 8% to 57% + 9%; P=0.0007) and
mean LVEDV decreased (125.8 +44.8 mL to 109.2 +48.2 mL;
P=0.01) after the exercise-training programme.

Cardiopulmonary exercise testing

The inclusion exercise test (first CPET) was performed
16 + 11 days after surgery and this was repeated (second
CPET) at the end of the exercise training programme, at
39+ 11 days after surgery. After completion of the exer-
cise training programme, we observed significant increases
in peak VO, (+5.2mL/kg/min [+32%]; P<0.0001) and VT,
(+2.3mL/kg/min [+19%]; P=0.0005) (Table 2).

By multivariable analysis, peak VO, improvement was
independent of sex, LVEF, presence of diabetes, hyperten-
sion, atrial fibrillation, beta-blocker treatment, increased
haemoglobin level, and number of training sessions.
Only age was significantly and negatively associated with
improved exercise capacity assessed by peak VO, increase
(chi square—0.17; P=0.0002; data not shown).

Emerging events during the cardiac
rehabilitation period

Before surgery, 48 patients (96%) were in sinus rhythm. After
surgery, 14 patients (28%) had at least one atrial fibrillation
episode lasting > 24 hours. No severe heart failure exacer-
bations or serious ventricular arrhythmias were observed,
nor any ischaemic or haemorrhagic strokes or peripheral
thromboembolic events.
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Table 2 Evolution of echocardiographic and cardiac parameters after the exercise training programme.
Before exercise training After exercise training P
programme (n=>50) programme (n=50)

LVEDV (mL) 125.8 +44.8 109.2 +48.2 0.01
LVEDD (mm) 53.44+9.0 54,3+6,8 0.8
LVEF (%) 54+ 8 57+9 0.0007
Mean transaortic gradient (mmHg) 7.1£3.0 6.5+2.8 0.3
Residual aortic insufficiency 0.7

Oorl 25 (50) 28 (56)

Il 24 (48) 21 (42)

i 1(2) 1(2)
Haemoglobin (g/dL) 10.3+1.3 11.6+1.2 0.001
Heart rate, resting (bpm) 87+10 81+12 0.0007
Heart rate, maximal (bpm) 119 +£22 128 +27 0.01
Load (Watts) 110+ 44 136 +42 0.0002
Systolic blood pressure, maximal (mmHg) 143 £ 19 156 + 24 0.0004
Effort duration (s) 403 +154 616 40 <0.0001
Peak VO, (mL/kg/min) 17.0+5.3 22.5+7.8 <0.0001
Respiratory exchange ratio 1.10+0.08 1.14+0.09 0.004
VT, (mL/kg/min) 12.0+3.9 14.3+5.2 0.0005

Data are expressed as mean + standard deviation or number (%). LVEDD: left ventricular end diastolic diameter; LVEDV: left ventricular
end diastolic volume; LVEF: left ventricular ejection fraction; VO,: oxygen consumption VTy: first ventilatory threshold.

Discussion

Our multicentre survey is the first to prospectively evalu-
ate the feasibility of an early exercise-training programme
after aortic valve repair. The results demonstrate that exer-
cise training is safe, with no deleterious effects on aortic
valve function or left ventricular remodelling, and improves
exercise tolerance in these patients postoperatively.

Preservation of the native aortic valve leaflets has gained
popularity in cardiac centres worldwide. This is due to the
success of repair techniques and the potential for avoid-
ing the long-term complications of prosthetic valves, which
are associated with high mortality, up to 30% at 15-year
follow-up among those aged <55 years, corresponding to a
significant loss of life expectancy [9].

Standardization of aortic valve repair using an external
calibrated aortic ring annuloplasty associated with effective
height resuspension can be used for tricuspid and bicuspid
valves with preservation of root dynamics and expansibil-
ity. A recent systematic review [1] has confirmed the low
in-hospital mortality after aortic valve repair (2.6%) and the
relatively good medium-term prognosis, with a need for late
aortic valve re-intervention (aortic valve replacement or re-
repair) of 2.4%/patient-year. Despite a lack of randomized
trials, one study and one meta-analysis have demonstrated
the safety and efficacy of aortic valve repair — compared
with replacement — as well as low mortality, low preva-
lence of reoperation, and good long-term survival [1,10]. As
a result, current European guidelines for valvular heart dis-
ease [11] recommend ‘a heart team discussion in selected
patients with pliable, non-calcified tricuspid (TAV) or bicus-
pid aortic valve (BAV) insufficiency in whom aortic valve
repair may be a feasible alternative to valve replacement’
(class IC indication).

Physical training allows improved exercise performance
in patients with coronary heart disease and heart fail-
ure [12,13], as well as in those who have undergone
CABG [14,15]. Also, patients who have undertaken exercise
training remain more motivated to practice exercise after
training than those who have not [16—18].

Exercise training has rarely been assessed after valvu-
lar surgery [19—22]. A randomized study that assessed the
efficacy of cardiac rehabilitation after heart valve surgery
in 147 patients showed a significant improvement in exer-
cise capacity [23]. These results are consistent with those
of a recent meta-analysis [24]. A cost-utility analysis of
cardiac rehabilitation showed that it was likely to be cost-
effective for society, but did not significantly improve of
quality of life [25]. However, 31% of patients underwent
home-based cardiac rehabilitation, and the study did not
include patients who underwent aortic valve repair [25].
A study that compared the results of exercise capacity
improvement after an exercise-training programme fol-
lowing valve surgery and CABG showed an increase of
20% in peak VO, after these two kinds of surgery [26].
Our results confirm a significant improvement in both
submaximal and maximal exercise capacity, to a similar
extent.

We have previously shown that an exercise training pro-
gramme performed early after mitral valve repair leads
to a significant improvement in exercise capacity, similar
to that achieved in patients with coronary arterial dis-
ease or heart failure, with no deleterious effects on valve
repair or left ventricular remodelling [27]. In addition, in a
small pilot study, an exercise training programme seemed
to be safe and efficient after proximal aortic surgery,
even in high-risk patients, such those with aortic dissection
[28].
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Limitations

The absence of a control group is the main limitation of
our study. However, the main purpose of this study was to
assess the safety of an exercise-training programme after
aortic valve repair. We observed no worsening of post-
surgery residual aortic insufficiency among the 50 trained
patients; therefore, a control group was not necessary
to demonstrate the safety of exercise reconditioning. To
assess the improvement in ergometric parameters, a ran-
domized controlled study is warranted, but the efficiency
of exercise training to improve exercise capacity is actu-
ally well documented and our patients underwent a classical
exercise-training programme. Furthermore, the improve-
ment in exercise capacity in our patients is similar to that
achieved in patients with coronary heart disease [12,29]
or heart failure [30] in randomized studies, strongly sup-
porting that exercise training is likely to be efficient in this
population.

Conclusions

An exercise training programme after aortic valve repair
was safe, with no deleterious effects on aortic valve surgery
results or left ventricular remodelling. Further, it seems to
be an efficient way to improve exercise capacity, as has
previously been observed in patients with coronary heart
disease or heart failure.
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